Abstract: The aim of the study was to assess the effects of organic fertilization on selected chemical properties of the soil and the activity of dehydrogenase and β-glucosidase in the soil of forest nursery. The main goal was to evaluate the role of organic fertilizers in carbon storage in the forest nursery soil. Sample plots were located in northern Poland in the Polanów Forest District on a forest nursery. Soil samples were collected from horizon 0-20 cm for laboratory analyzes. In soil samples pH, soil texture, and organic carbon, nitrogen, base cation contents, dehydrogenase activity and β-glucosidase activity were determined. The obtained results were used to evaluate the carbon storage. The results confirm the beneficial effect of the applied organic fertilizer on chemical properties of the soils under study and their biological activity. The applied organic fertilizers had an impact on increased accumulation of soil organic matter. In the soils investigated, there was an increase in the activity of such enzymes as dehydrogenases and β-glucosidase.
INTRODUCTION
The primary objective of forest nurseries is the production of high quality planting material. One of the requirements to achieve this goal is to take care of the maintenance of appropriate soil quality and microbial balance of the soil. The condition of the soil is dependent on the degree of nutrition, soil condition, and the quality of planting material. Soil fertility and productivity depend on soil organic matter (SOM) which is the reservoir of nutrients and plays an important role in cycling the nutrients (Steiner et al. 2007 ). Soil organic matter improves the physical, chemical, and biological properties of soils (Bhattacharyya et al. 2010) . Chemical and organic fertilization can affect the carbon rates in soils (Gong et al. 2009 , Lou et al. 2011 . Fertilization is often recommended to increase SOM in soil (Laggett and Kelting 2006 , Mann et al. 2007 , Wang et al. 2013 . Many studies have shown that application of organic fertilizers was positively related to soil carbon accumulations (Wu et al. 2004 , Rudrappa et al. 2006 . Fertilization could prove to increase the saturation of the organic matter by metal ions and improved soil structure. In forest nurseries soil similar to the agricultural soil, we can observe a decrease of organic matter content. The application of organic fertilizers is one of the management practices that can help to maintain or increase the content of organic matter and improve soil fertility (Dêbska et al. 2016) . The physical and chemical properties of soil change slowly over time with the environmental changes, whereas biochemical properties such as enzyme activity react quickly to changes in the environment, as they are directly related to the number and activity of soil microorganisms (TrasarCepeda et al. 2000 , Zhang et al. 2015 . Enzyme activity is sensitive to soil changes due to tillage, use of cropping systems, and land use (Acosta-Martínez et al. 2007 zation on overall soil fertility by investigating the level of soil enzyme activity (Nannipieri et al. 2012 (Nannipieri et al. , B³oñ-ska et al. 2016b . The processes for transformation of organic matter in the soil occur in the presence of soil microorganisms and their enzymes. Generally, enzyme activities are correlated with soil organic carbon content, because they play the key role as a precursor for enzyme synthesis. Enzyme activities are generally the most sensitive indicators of changes in the belowground microbial community, because soil enzymes are directly responsible for the initial processing of detrital carbon and organically bound nutrients (Hinojosa et al. 2004 ). The soil enzyme activities are controlled by the soil carbon availability (Veres et al. 2015) . The dehydrogenase enzyme production is a good indicator of microbial activity, and changes in the studied soils occur as a result of management. Dehydrogenases are enzymes that provide information about the state of the environment and the activity of microorganisms in the soil. β-glucosidase is an enzyme that participates in the decomposition of cellulose to glucose. The enzyme catalyzes the hydrolysis of glucosides. Cellulose is quantitatively the most important organic compound in the biosphere; hence, a product of its enzymatic hydrolysis is not only important as an energy source for soil microorganisms, but also of great importance in the carbon cycle (Sinsabaugh et al. 1991) . The aim of the study was to assess the effects of organic fertilization on selected chemical properties of the soil and the activity of dehydrogenase and β-glucosidase in the soil of forest nursery. The main goal was to evaluate the role of organic fertilizers in carbon storage in the forest nursery soil.
MATERIALS AND METHODS

Study sites
Sample plots were located in northern Poland in the Polanów Forest District on a forest nursery. The study area is characterized by the following conditions of climate: the average length of the growing season is 230 days, the average temperature in that period is 13°C and the average precipitation amounts to 300 mm. The test area was dominated by Brunic Arenosols (IUSS Working Group WRB, 2015) . The study area was divided into three blocks (I, II and C). On I and II blocks organic fertilizers was applied. Block C served as control (C). The blocks were divided into smaller acres, from which surface soil samples were collected (0-20 cm) for specific laboratory analyzes. The samples were collected according to the scheme presented in Figure 2 . Block I was divided into 5 fragments on which 6 smaller areas were formed (A-F), from where the pooled sample composed of 9 subsamples was collected. Block II was divided into 3 fragments, on which 6 smaller areas were formed (A-F) from where the pooled sample composed of 9 sub-samples was collected. The samples for laboratory analysis were collected in September in 2015.
In total, 30 samples of soil were collected from the block I and 18 samples were collected from the block II. Block C was divided into 4 fragments from which a pooled sample consisting of 10 sub-samples was collected (Figure 2 ). The organic fertilizer applied was prepared from the post-harvest residues. The properties of organic fertilizer used were shown in Table 1 . The 4 m 3 of organic fertilizer per 1 are was applied. The samples for the analyzes were collected 1 year after fertilization. FIGURE 2. Scheme of soil samples point; I, II, C -number of blocks on study area; 1-5 -number of lanes in one block; A-F -soil sampling plots Effect of organic fertilization on soil properties of forest nursery Basic laboratory analysis
The particle-size distribution was determined using the laser diffraction (Analysette 22, Fritsch, IdarOberstein, Germany), pH was analyzed in distilled water and 1 M KCl using the potentiometric method, as well as the content of total nitrogen (N) and organic carbon (C t ) content were measured using LECO CNS True Mac Analyzer (Leco, St. Joseph, MI, USA). Exchangeable aluminum (H Al ) was determined via the Soko³ow method, hydrolytic acidity (Y) was determined using the Kappen method (Ostrowska et al. 1991) . The concentration of cations was determined by an ICP (ICP-OES Thermo iCAP 6500 DUO, Thermo Fisher Scientific, Cambridge, U.K.). In each sample chemical properties were determined, in two repetitions. Sum of the base cations (BC) was calculated.
The obtained results were used to evaluate the carbon storage in soil after organic fertilizer.
CS = Ct·BD·T·S / 100
where:
CS -carbon storage in soil (kg m -2 ) Ct -carbon content in soil (g kg -1 ) BD -bulk density of soil (g cm -3 ) T -thicknesses of soil horizon S -surface (1 m 2 ).
Activities of enzymes
The dehydrogenase activity (DH) was determined by the reduction of 2,3,5 triphenyltetrazolium chloride (TTC) to triphenyl formazan (TPF) using Lenhard's method according to the Casida procedure (Alef and Nannipieri 1995) . Briefly, 6 g of soil was incubated with 1 ml of 3% TTC for 24 h at 37°C. The TPF was extracted with ethyl alcohol (95%) that was contaminated with methanol. The TPF was measured spectrophotometrically (485 nm). The DH activity was given in µmol TPF kg -1. h -1 . The activity of β-glucosidase (BG) was determined with the method of Eivazi and Tabatabai (1988) using as a substrate of p-Nitrophenyl-β-D-glucopyranoside (PNG). The enzyme activity was given in mmol pNP kg -1. h -1 . In the soil samples the enzymes activity were determined in three repetitions.
Statistical analysis
The Principal Component Analysis (PCA) method was used to evaluate the relationships between soil properties. In the PCA analysis, the variables used included chemical properties and enzyme activity of soil. The differences between the mean values of soil properties were evaluated with the nonparametric Kruskal-Wallis test. Pearson's correlation coefficients between enzyme activities and soil characteristics were also calculated. The statistical significance of the results was verified at the significance level of α = 0.05. All of the statistical analyzes were performed with Statistica 12 software.
RESULTS
Physico-chemical properties of the studied soils
The pH in H 2 O of the soils studied ranged 4.10-6.09. The highest average pH value in H 2 O was reported in the surface soil of the control (5.39), whereas the lowest (5.10) in the surface soils of block I (Table  1 ). The discussed soils showed a diverse degree of organic matter decomposition, which is expressed by C/N ratio. The mean values of C/N ratio were similar in the surface soil of block I (15.98) and II (16.34), slightly higher value was reported in the surface soil of the control block (21.28).
The highest average organic carbon (24.2 g kg -1 ) and nitrogen (1.5 g kg -1 ) content was observed in the surface soils of block I, although slightly lower, similar values were reported in the surface soils of block II (23.0 g kg -1 and 1.4 g kg -1 ). Soils of the control block were characterized by the lowest content of carbon (15.1 g kg -1 ) and nitrogen (0.7 g kg -1 ) ( Table 2) . Using nonparametric Kruskal-Wallis test, statistically significant differences in the content of nitrogen, carbon, silt, sand fraction, potassium, sodium, C/N ratio, and the total acidity between the soils tested were observed ( Table 2) .
The highest average value of carbon accumulation was observed in the soils of surface II (7.56 kg m 2 ). In the soils of surface I, the average value was slightly lower and accounted for 7.07 kg m 2 , while the lowest average carbon accumulation was observed in the soils of control area (C), which was 5.32 kg m 2 (Table 2 ). Location of carbon was the most homogeneous on the block I. On the block II, we could clearly observe very large accumulation at one place of the first fragment, while the accumulation in the third fragment was very small. On the whole, control block accumulation is very low and a greater content of carbon was concentrated in the third fragment (Figure 2 ).
Enzyme activities of the studied soils Activity of dehydrogenases and β-glucosidase was different within the soils under study. Using the nonparametric Kruskal-Wallis test, statistically significant differences in the activity of dehydrogenases and β-glucosidase were observed ( Table 2 ). The highest average dehydrogenase activity was observed in the soil of block I (8.33 µmol TPF kg -1. h -1 ), lower in the soil of block II (7.20 µmol TPF kg -1 h -1 ) and the lowest in the soil of control (3.02 µmol TPF kg -1 h -1 ). The results on the activity of β-glucosidase in soils of block I and II were almost identical and were equal to 1.66 and 1.67 mmol pNP kg -1. h -1 , respectively; lower activity of this enzyme was observed in soil samples from the control (0.78 mmol pNP kg -1. h -1 ) ( Table 2 ). Dehydrogenase activity was inversely correlated to the sand content (r = -0.61) and C/N ratio (r = -0.39), while positive correlation was reported with carbon (r = 0.51), nitrogen (r = 0.62), silt (r = 0.61), and clay (r = 0.34) content and with the sum of base cations (r = 0.44) ( Table 3) . β-glucosidase activity was inversely correlated to the sand content (r = -0.38) and C/N ratio (r = -0.36), whereas positive correlation was observed with carbon (r = 0.30), nitrogen (r = 0.40), silt (r = 0.37), and clay (r = 0.31) content (Table 3) . Ct -carbon content (g kg -1 ); N -nitrogen content (g kg -1 ); Hw -exchangeable acidity (cmol(+) kg -1 ); Y -hydrolytic acidity (cmol(+) kg -1 ); Ca, K, Mg and Na content (mg 100 g); DH dehydrogenases activity (µmol TPF kg -1 h -1 ); BG β-glucosidase activity (mmol pNP kg -1 h -1 ). A projection of the variables on the factor plane clearly demonstrated correlations between the soil properties and enzyme activity. Two main factors had a significant total impact (57.9%) on the variance of the variables. Factor 1 explained 34.32% of the variance of the examined properties, and factor 2 explained 23.6% of the variance (Figure 3) . Factor 1 can be defined as "biological activity of soil". The DH and BG activities were strongly correlated with carbon content. On the control plots, lower enzyme activity and carbon content were determined. Those plots were characterized with higher C/N ratio.
DISCUSSION
The results obtained confirm the beneficial effect of the applied organic fertilizer on chemical properties of the soils under study and their biological activity. The applied organic fertilizers had an impact on increased accumulation of soil organic matter. In the case of surface soils of block I, accumulation increased by 33% in relation to the control surface soil while in the surface soils of block II, an increase of above 40% was reported. Similar observations were reported by other authors. In the studies by Dêbska et al. (2016) , as a result of the use of organic fertilizer, increased carbon content in the control block was observed. The studies conducted by Adamus et al. (1989) showed that organic fertilization ensures reproduction of organic matter and increase in carbon content. In their studies, an increase in nitrogen content and improvement in C/N ratio on the fertilized surfaces was also noted. Górski and Kuszelewski (1963) recorded that under the influence of organic fertilization, increase and stabilization of carbon content in the soil was observed with simultaneous accumulation of nitrogen resulting in a decrease in C/N ratio. In nursery soils, it is important to maintain an adequate level of organic matter because it constitutes a source of nutrients for the planting material produced. The quality of young seedlings is a direct result of the properties of surface soil levels and changes that occur in the soil.
Undoubtedly, in parallel with the introduction of organic fertilizer produced as a result of post-harvest residues, microorganisms specific for the forest environment are introduced into the soil. In the soils FIGURE 3. Spatial variability of carbon storage (kg m -2 ) in investigated soil; I, II, C -number of blocks on study area; 1-5 -number of lanes in one block; A-F -soil sampling plots FIGURE 4. The projection of variables on a plane of the first and second factor in soil; I, II, C -number of blocks on study area investigated, there was an increase in the activity of such enzymes as dehydrogenases and β-glucosidase. Activity of dehydrogenases in the soil occur as an integral part of intact cells, and determination of the activity of these enzymes in the soil is an indicator of the metabolism of soil microorganisms. Natural fertilization has a big impact on soil microorganisms (Natywa et al. 2014 ). According to Acosta-Martinez and Tabatabai (2000) , organic fertilization has a more beneficial impact on the overall biological activity in comparison to the mineral fertilization, which, by improving the physico-chemical properties of the soil, can adversely affect its enzymatic activity. Increase of dehydrogenase activity under the influence of organic fertilizers was observed in the studies by Koper and Siwik-Ziomek (2003) and Marinari et al. (2000) . In studies by Kucharski and Niklewska-Larska (1992) , addition of cellulose to the soil resulted in 7.5-fold increase in dehydrogenase activity in the lighter soil, whereas 4.2-fold increase was reported for a more concise soil. Moreover, Kobus et al. (1987) observed a positive effect of the addition of organic fertilizer (including compost from the bark) on the activity of dehydrogenases. Microbial activity of the soil is usually dependent on the presence of carbon and nitrogen in the soil (B³oñska et al. 2016a ). During the studies conducted, a correlation was observed between the activity of dehydrogenase, β-glucosidase, and the content of carbon and nitrogen, which confirms the participation of these enzymes in the element cycle and their role in the decomposition of organic matter. In studies by Ciarkowska and Gambuoe (2004) , it was found that dehydrogenase activity is strongly related to the content of organic carbon and nitrogen in the soil. In the studies conducted by Jezierska-Tys (2004) and Jezierska-Tys et al. (2004) , addition of the organic matter to the soil resulted in increased dehydrogenase activity. Rybacki et al. (2014) also noted an increase in the activity of β-glucosidase in soil fertilized with organic fertilizer. In the experiment conducted, the applied dose of organic fertilizer has resulted in approximately two-fold increase in β-glucosidase activity in relation to the control soil. Acidic organic matter predominantly stimulates the activity of fungal organisms, which exhibit especially strong relationship with the activity of this enzyme. According to Esen (1993) , β-glucosidase is produced by different organisms (plants, animals, fungi, and bacteria); however, it originates mostly from fungi such as Actinomucor and Mortierella.
The presence of humus determines the preferred arrangement of the entire complex of soil properties, which affects soil fertility. Organic fertilization using post-harvest residues could be a way to improve the content of organic matter in the soils of nurseries. The use of this type of organic fertilizers can constitute a practice that will contribute to the maintenance or increase in the organic matter content, improvement of the biological activity of soils, and simultaneous improvement in soil fertility.
